Five shipments of feeder calves (965 head hauled in 11 drop-center trailers) were shipped 1,600 km by tractor trailer from Algood, Tennessee, to Bushland, Texas, during the fall seasons of 1976, 1977 and 1978. Shrink, incidence of shipping fever and subsequent feedlot performance of these feeder calves were analyzed. There were significant differences in shrink and subsequent feedlot performance between calves shipped on different dates. In only one instance was there a significant difference in shrink between trucks of steers shipped on the same date, and this was due to a difference of in-transit time between trucks. There were no significant differences in shrink, incidence of shipping fever or feedlot performance between calves shipped in different trailer compartments, nor were there any interactions between shipping dates and trailer compartments for shrink, incidence of shipping fever and feedlot performance. The number of calves treated for shipping fever did not differ significantly among trailer compartments, but did differ among shipment dates. Significant differences in morbidity between shipping dates indicate that the incidence of shipping fever is apparently affected by environmental conditions before, during and immediately after transit. The results indicate that multiple truckloads of calves, if traveling together, can be treated as a single unit for the statistical analysis of shrink, incidence of shipping fever and feedlot performance.
Introduction
Feeder calves transported from commercial livestock auction barns to feedlots are subjected to several stressors that increase their susceptibility to various bacterial and viral pathogens, increase their live weight shrink and affect subsequent feedlot gain. Shrink and(or) incidence of shipping fever might be appreciably reduced if these stressors could be reduced. Most of the research on shipping fever has dealt with preconditioning (Bristol, 1966; Meyer et al., 1970; Woods et al., 1972 Woods et al., , 1973 Wieringa et al., 1976) and post-transit nutrition (Preston et al., 1970; Koers et al., 1975; Lofgreen, 1975; Cole et al., 1979) . In the studies cited, the only transit measure normally reported was transit time or distance. No research has been published on the effect of transportation stress on shrink, shipping fever incidence and feedlot performance.
Researchers have studied animal shrink over the years in an effort to measure the extent of live weight loss and to determine the associated factors. Several factors have been identified, but inconsistency in the results indicates that shrink is a complex phenomenon. Factors that have been investigated for their effects on shrink include mode of transportation, distance transported, transit time, temperature, sex, weight and method of preconditioning. No previous research has attempted to determine whether position by compartment or deck location is a factor in shrink of calves transported by truck, or whether shrink is a factor contributing to morbidity, mortality or incidence of shipping fever complex. The data reported herein were collected and analyzed to determine whether there were significant within-or between-truck differences in incidences of shipping fever among calves and in subsequent performance of the calves in the feedlot. (1979) . In September 1978, 159 calves, ranging in weight from 113 to 263 kg, were purchased at graded feeder auctions in Kentucky. The calves were weighed immediately after leaving the sale ring (purchase weight). All calves purchased at 3 Referred to as drop.center, deep drop, drop frame or double drop frame, drop center or possum belly livestock trailers by equipment manufacturers. the graded feeder auctions in Kentucky were loaded on vehicles and transported to the commercial auction barn in Algood, Tennessee. These calves had been held without feed and water for 24 hours. On arrival at the auction barn, the calves were weighed, ear-tagged, penned and given free access to feed and water. After 3 days of feeding, the calves were weighed and loaded onto vehicles and transported to Bushland, Texas.
Experimental
Post-Transit. Upon arrival, the calves were weighed, their temperatures were taken and they were branded and assigned to pens. All calves were given free access to feed and water.
Calves were examined daily and those that were subjectively determined to be morbid were placed in sick pens. The calves' weights and temperatures were recorded, and the animals were treated for 3 successive days or until they were determined to be healthy enough to return to their assigned pen. The calves were weighed again 7, 14, and 28 days after their arrival at the feedlot.
Live weight shrink was calculated by two different methods. Overall shrink was defined as the difference between the initial or purchase weight of the calves and their weight upon arrival at the feedlot. In-transit shrink was calculated as the difference between the weight of the calves before they were loaded onto a Statistical Analysis. Data were collected in conjuction with a regional transportation and shipping fever research project reported by Stermer and Camp (1977) . Other related work was reported by Billingley et al. (1979) and Cole et al. (1979) . Shrink and gain were analyzed by the General Linear Model analysis of variance of the Statical Analysis System (Barr et al., 1976) . Initially, the shipping fever data were analyzed by the chi-square test with three cells-mortality, morbidity and not treated-but the data were too sparse in the mortality cell, casting doubt on the validity of the test. Therefore, the mortality and morbidity cells were combined, and the chi-square test was performed again.
Results and Discussion
Shrink. The average in-transit shrink for the 965 calves was 8.2%, and the average for individual truckloads ranged from 6.5 to 10.5% (table 2) . These data agree with those reported by Tippets et al. (1957) and Self and Gay (1972) . The farm-to-feedlot shrink averaged 11.9% (10.9 to 12.8% range), which was higher than previously reported values. However, this value for overall shrink includes shrink that occurred in the auction barn as well as in-transit shrink.
There were no significant differences in shrink among calves kept in different trailer 4 3 2 Figure 1 . Typical drop-center livestock trailer with six internal compartments. compartments; i.e., the location of the calves in the trailer did not affect the in-transit or overall shrink. Nor were there any significant interactions between trailer compartment and date of shipment. When the data for compartments 1, 2, and 3 and those for 4, 5 and 6 (figure 1) were combined to form lower and upper decks, respectively, no significant differences in shrink of calves in the respective decks were observed. Table 2 presents the weight and shrink data for the 11 trailer loads of calves. In two shipments, October 1976 and September 1978, there were significant differences in in-transit shrink between loads (shipped on a specific date). The differences in in-transit shrink among calves in the October 1976 shipments can be explained in part by differences in transit time (table 1). The differences in intransit shrink between loads of calves in the September 1978 shipment (table 2) may be an anomaly, since the shrinks of the two groups of calves differed significantly before transport. The calves from truck 8 gained more weight (6.1%; P<.05) in the sale barn than did those from truck 9 (4.9%) and lost more weight during transit (10.5% shrink for calves in truck 8 vs 9.2% shrink for those in truck 9). With these offsetting gains and losses, the difference between the overall shrink of the two groups was not significant. The differences in in-transit shrink and overall shrink among dates were significant, but no pattern was evident.
Shipping Fever. Table 3 presents the chisquare statistics for the within-date truck differences and the inter-date differences. Mortality and morbidity from shipping fever followed the same general pattern as shrink. There was no significant difference in morbidity among truckloads shipped on the same dates or among calves in different compartments or decks within trucks. However, differences in morbidity between dates were highly significant.
Performance in the Feedlot. The data on (table 4, calculated from feedlot arrival weight) followed the same pattern as the data on shrink and incidence of shipping fever. Only one significant performance difference between loads of calves shipped on the same date was noted; in 7-to 14-day performance among calves in the October 1976 shipment. This difference did not appear in the previous or subsequent periods. Significant differences in daily gain were observed between shipping dates (table 4) , but there were no significant differences due to truck compartment or truck deck. Coleman and Sheldon (as cited in Beef magazine, 1974) reported small but consistent differences in the average daily gain of feeder calves attributable to differences in the height of the exhaust stack relative to the trailer roof line and to the location of the decks on which the calves were transported. They found that in trucks on which the exhaust stack opening was at least as high as the roof line of the trailer, the calves on the top deck subsequently gained weight faster than did those transported on the bottom deck. In trucks with exhaust stack openings 35 to 60 cm below the roof line, the calves transported on the bottom deck subsequently gained faster.
Average daily gains of the calves from 0 to 29 days, by truck and deck, are presented in table 5. Although none of the exhaust stack openings was as low in relation to the roof line as those reported by Coleman and Sheldon (Beef, 1974) , there were no consistent differences in the average daily gains of calves transported on the top and bottom decks.
Calves transported on the top and bottom decks, where the exhaust stacks were 3 to 30 cm below the roof line, showed no consistent' differences in subsequent average daily gains due to their location in the vehicle. Although not examined in this study, exhaust stacks lower than 30 cm may be a factor contributing to reduced average daily gains of calves and the incidence of shipping fever.
Significant differences in morbidity between shipping dates indicate that the incidence of shipping fever is apparently affected by time in transit and environmental conditions before, during and immediately after transit, and not by location in the truck during transit.
The absence of differences in shrink, incidence of shipping fever and subsequent feedlot performance between calves from different trucks indicates that multiple truckloads of calves, if traveling together, can be treated as a single unit for the statistical analysis of shrink, incidence of shipping fever and feedlot performance.
